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This investigation constitutes « part ef « progres being sarried 
out in the Department of Neval Architecture and Marine Engineering 
wader the auspiess of the Society of Naval Architects ami Marine 
Engineers. 

Many nerchant vessels sre built ugime 0 treneverse eraten of 
fraxing., These trancverse frames, ani the were widely spaced longi- 
talinal atiffeaere divide the ship's plating inte short wide restangu- 


ler panels, which sre placed either in tension or compression serozs — 


the short dimension os the ship “hogs” or “asgs" under the effects of 
loading and wave motion. In general the comprecsive losiing ia sore 
eritieal due to the phonemanon of “buckling”. 

For test parposes these panels can be represented by wide flat 
plates restrained to varying degrees at their edges and lostied in 
compression across the short dimension. In this investigation an 
apparatus was designed for the determinestion of the buckling and ulti- 
mate leads of such plates when all four edges were simply supported 
(no rotational restraint), Thte apparatus is intended te ascomwndate 
sixteen groups of plates heving 211. possible combinations of the 
following length-width ratios (a/b) and longth-thiekwwse ratios (a/t): 


a/o=I/hs 1/3, 1/2, and 3/iy 0/t =30, 50, 10, 90. Cally one of there 
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groups was actually tested, the rensinder being left for fubare 
completion of the program, , 
Frou the work carried out the following conclusions are drawn: 
(1) Welle further werk is necessary to meke the apparatus com= 
pletely setinfactory, the equipment designed and built provided 
reasonably uniform distribution of the compressive load, ani a very 
Gloss approximation of simple support on al) few edges of a tost 
plate 56 3/i" 4m width, 13 5/16" in length, and 5/32" in thickness, 
(2) A group of four plates was tested in buskling to sugnant 
the evaluation of the test apparatus, Frou these tests the following 
(a) The wiifersdity of stress divtribation is net as critical 
as was anticipated. 
(b) The strength of the plate is not « function of the 
measured naxizum initial unfairness alone, the initisl contour and the 
fe) For the four plates tested (a/b =0.237; a/t =86.k) the 
the given ratios according to Bleich | 6\ . 
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Cambridge , 
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Masvachusette Institute of Technology 
Cambridge 39, 
Dear Sir: 


Im accordance with the requirements of the degvee of Maval 
Engineer, we herewith submit a thesis entitled ‘On Providing 


Uniform Edge Compressive Loeda for Wide Fiat Plates", 
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= Unsupported length between centers of loaling segments 

- Unsupported length between “a"-edge supports 

~ Actual width of plate 

~ Lateral deflection of center of plate from original plane 
~ Initial lateral deflection of center of plate (zero load) 


* from point on horizontal center line of plate to 
reference line 


~ Coefficient in buckling formila (based on b/t) 
“ oo tt a 8 (based on 2/t) 
~ Number of half waves in buckled plate 

« Thickness of plate 


~ Lateral deflection of an arbitrary point on the neutral plane 
of the plate from the original plane 


= Distance in direction of load (origin at horizontal 1.) 
» *® normal to * (origin at one edge) 

~ Rage area of plate - b't 

- Arbitrary constant in solution of differential equation 
+ Plate constant - AI/(1-y*) 

~ Young's modulus of elasticity 

~ Tangent modulus 

- Friction force in ene jack 

- Moment of inertia of strip of plating 1" wide, t thick - t7/i2 
~ Sano es "a" ~ used in colum formilee 

~ Applied load 

~ Losd transmitted to test plate 

~ Critical load 


a a 


a 
2% 


woptanon | maaes orga Earns 

- htpeliaee Goeaeiinecessracl 

coats Lenttyive eowk adelg te sedmow tho roles trata - 8 
| (niet emma) edelg te setnve meme akbaet 


(a ah a mt = 
otesy he tioed at wei ans % ae : 
stelg bo smormbokat « 


(Jo Sedesrtved da sigh) seal Yo antieouth at eonstest « 
| (eyhe sno da akgtve) * of Lawerzests  * 
gid = edadg fo awe gil « 

coldoupe Lahti Yith te aottalos at dnmteane yuewtidxk « 
(Svat\CA + Semamen cdalt « 
gtieltents te seiuhun agave « 

aetoioe Jager « 

dont, eno ot oon mabvekya « 

at\ke « doit ¢ .ohby “L pabtetg to qtute Yo aldoant to dmemll 
eulmeonrt oefoo at tom ~ "e* es es « 

inet beklqgh « 

ately tout of bettinncest heel « 

hawt teabited « 


ee mp wm ne fae - 


Aananeunenth waaeor a a 


% 


wo Fm 


Pat - Uitimete load 

Py s+ -‘Internal presoure in Jack moni fold 

© + Foree exerted by jack plunger return spring 
x - afb = aspect ratio or width ratio 

Exo ~ Measured strains for pair of epposite gages 
E, = Longitudinal strain at neutral axis of plate 
Egy + Average longitudinal strain ~ P/Ai 

f ~ Coefficient of edge restraint ( f= for simple support) 
/ —-@ Miero= (one-nil2onth) ) 

y ~ Poisson's ratio ~ assumed te be 0.3 

gT ~ Stress intensity 

(,  - longitudinal stress intensity at neutral axie 
Cy  - Average longitudinal stress intensity - P/A 
Tor  - Criticel stress intensity 
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Xs INTRODUCTION 


Thie investigation represents 2 pert of a more extensive progran 
peing sponsored by the Hull Structures Comzittee of the Society of 
Waval. Architects and Marine Inginesrs. (See Appandix A.) This project 
is dezigned to determine the buckling ani ultinete strengths of flat 
plates of such mensions and bowvlary coniitions es those usually found 
in traneversely framed merchant vessels. 

The framing of a vessel may be considered, for the purposes of such 
on investigation, es the boundaries of the variows panels inte which it 
divides the ship's skin or plating. Each of these panels may be acted 
upon by direct axial loads, shear forces, and/or moments along either or 
beth edges, asi in addition by pressure forces normal to the plane of the 
plate. Due to the behavior of the plating as a whole, the edges of a 
partiouler panel may be considered as simply supported, elastically 
restrained’, or in the extreme comlition, clamped. Varisblee which affect 
the plating strength are: (1) the ratio of plating length to thickness; 
(2) the ratio of length to width; (3) the degree of restraint against 
rotation of the plate edges; (l) the stiffness of panel boundaries, (5) 
effect of non-uniform distribution of the load. 


3. Research Project 

it was felt by the Halil Structures Comittee that the experimental 
data on the strength of these “wide" plates wan incomplete and that « 
considerable range of plating sises and shapes utilised in ship construs~ 
tion hed not been investigated at all. As a specific point, Montgomerie's 


« 3» 


tats te eonngue st deine einen ene tae vant | 
2 dotite tnt sfneng uote aNd Yo sekusheued eit am qaataghiooral me 
iatog ed ye alemeg ened to sont scent nae ae a eae 
wen to sh em a ben 
te cogho adh cniady s war gatinle ont Yo wateadnd et wt ca ately 
Viteorance baroque ylags ec bembtenes of yan tena se LvolN eR 
dooltte deity oclintwY .dequato wmtttincs suwntes ait of 2 ,iockentepe 
sanemiotdd ef Atgeet galtelig to efter ode (1) one ddgerude yobtedy edt 
dentage sakeshesy to setgeb acid (€) jade e¢ ddgmal te ebten ett (8) 
(2) .aedbewod foamy te seenThive adit (A) peoghs efely ed? to mottaden 
shool edd to sattudiwhet® mzoliton-eqan ‘to JouTte 


Istuenkseqxe ot tad? ondeines ewmetoud? Lidl of? od ¢fet see IT 
8 todd ban sdeigement aoe setaky “ohbe” axadt to dtgeone att no stab 
wuweos otis at heekiity seyate bea aents gubtaty te wgoey efdavebkeneo 
atekmncyéne .eaboq othiorgs a a4 .Lis os kedaphisewnd mood gen bed mek? 


* 


results [36], based upon tests on plates with wiloaded edges free an! 
loaded edges elastically restrained have bean applisi to sunlitions 
where they are not valid, in lieu of better data, Accordingly « 
research project was formulated which had as ite alas the sccouplish- 
ment of the fellewing four purposes: 


Phase T 


Phase IV 


fo make 2 survey ef the literature relating to the 
experimental work thereon; to determine the ranges of 
paremeters for which experimental date was lacking or 
insaffieient; and to find information upon the effect 
ani growth of unfairness. 

To conduct buckling and ultinate strength tests for 
wiiexial edge compression on pletes of such dimensions 
oS are indicated by Phase I, with loaded and wileaded 
edges aimoly supported. 

To comduct buckling and ultinate strength tests fer wr 
wuiel. ofgn cougrenston on plates of oush dimensions 00 
are ivdicated by Phase I, with uilloaded edges simply 
supported ami loaded edges elastically reetrained tc 
varying degrees. 

Te design, build, and evaluate a test apparatus for the 
actomplishaent of Phases It ani ITZ. 


Tt was the original purpose of the authors to comilete Phases I, IT, 
ond IV. However, dos to delays in delivery of the test equipaent, and to 
difficulties oncomtbered in getting the test equipsent to fimetion as 
desired, Phase IY was not completed to the wntire satisfaction of the 
authors. One group of plates under Phase II we tested but ite results 
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are intemied primariiy to supplanen’ the «valuation of the test equip 
ment under Phase IV. 


A gearch of the literature on, or pertaining to, buckling ultimate — 
atrength of flat plates under various loadings and edge conditions was 
made to detersine wiether adequate theory and experimental date existed 
pertinent to the range of plate paransters and edge cowlitions under 
investigation. 

The results of this search led to the belief that theory presented 
by P. B. Bleich [6] was an adequate, though not mathematically precise, 
basis for judging ths proposed test results, both for buckling ant ultd~ 
mate strength im the elastic and plastic ranges. 

The search failed to reveal sufficient experiuental data in the 
region of interest. Shults and Weeshler (l5] ran five tests at a/b = 1/2. 
with o/t varying from 20 toe 120 with all edges simply supported. Yoshiki 
59 also presents sintlar date skirting the range of interest, with the 
Closest data at a/o=1/3 and 1/2 bat a/t > 108. Figure 1A is provided 
to indieate the range of interest, the proposed test parameters, ani the 
parameters for wrich data is presently available. 

There is also some possibility that other date found may be reeval~ 
uated inte usable fora when considering elasti« support of the loaded 
eiges. Various shapes were used as edge restraints but no attempt was 
nade to evaluate the degree of restraint provided. 
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After considering the region of interest and the points covered by 
previous investigators it was decided to uve sixteen different size 
test plates having combinations of the following ratios: 

wo Wh V3 5g MR og MM 
aft - a 

i. Within the region of interest there hae been very Little date 
obtained, ani the theory hes not been confirasd. 

2. Some of the a/b values lie above the region outlined by the 
American Bureaa of Shipping Regulation, simce the ABS values are for 
have higher a/b ratios. 

3. For extremely low a/b ratios, repeatable results are difficult 
te obtain, and it was decided to concentrate on getting usable results 
for the intermediate valuss. 

h. Higher a/b ratios are of interest primarily for longitadinally 
framed ships. 

Actual sises for the test specimens were decided upon after cone 
sideration ef the following factors: 

1. he a/b, a/t ratios decided upon sbove. 

2. In order to use existing equipment previcusly used in investi- 
gations by Polychrone [40] and Caposzoli [12] , the sun of one of each 
short dimension chosen was not to exoead 3)". 

3. The long dimensions were ealeulated from the short disenstons 
ad the a/b ratios selected above. 

kh. The maxiee plate thickness witch could be accomdated by the 
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"quedge” supparts was 5/16". In addition it was desirable to we 
standard plate thicknesses. 

5. Sines it was desired to obtain both buckling ami ultdante 
strengths, the plates should fsiil weler « load less than the caparity 
of the terting machine (300,000 powsis). 

6. The a ent b dimensions, as determined above were then altered 
a8 follows: 

(a) The "a" dimension wes decreased by 3/)" since it was 

believed at this time that the loading segments which trans~ 
mitted the load would act as a part of the affective Length 
of plate. (It was later decided thet this ws not the case, 
and hence the actual a/b ant a/t values were not exstly the 
Same as hed been selected.) The actual plate dimensions are 
given in Table I. 

(b) The "b" dimension was inersaved by 1/2* to allow 1/)" 

extension beyond the Lins of ball bearing support at each 

uiloaded edge. 
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Ii, PROCEDURE 


The analysis of the behavior of flat plates is based upon « given 
stress distribution, in this case the distribution of the force applied 
at the loaded edges. ‘the problem, then, was to provide « means of 
applying a uniforaly distributed eige load ani at the sau time to main- 
tain simple support at the loaded edges, so that the edges of the plate 
ware allowed complete freedom of rotation and freedom of translation in 
the plane of the plate while being restricted from any lateral movement. 


Be_Loed Distribution 

A uniform load distribution can be obtained by one of two methods, 
either by causing a uniform contraction in the plane of the plate, or by 
applying a load which is distributed by some external systes. Either of 
thease uethods provides the desired loading comiitien prisr to buckling 
of « perfectly flat plate. In the case of « plate in a ship's structure, 
the assumption that the "loaded" edges of a panel remain straight (wiforn 
deflection loading) is probably closer to the actual situstion than is 
the assumption of a uniform load distribution. However fer reasons given 
below, this method of lowling is very difficult to use. 

The availeble testing machine, shom in Fig. 34, has an upper loading 
head wrieh is « hollow cylindrical forging approximately 16" outeide 
diameter, and 11" inside; the lower head is 2)" square. Sines the largest 
plate ia 56 3/:" wide, some muciliary device was necessary to distribute 
the load to the plate. Preliminary calculations indicated that an I-bean 
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which would limit the diminution of the stress near the ends of the 
plate to a nominal value, say 5% of the average, would be of prohibi- 
tive size. This analysis is borne out by the fact that the constant 
deflection heads of the testing machines at the David Taylor Model Basin 
are extremely deep, 

The solution commensurate with the time and monsy svallable was 
the wae of a system of seven 20-ton Mlackhask: Porto-Power hydraulic jacks 
commected to a common manifold, identical aystexs being used at both the 
top aml bottom of the plate. The testing machine tranexitted the lead 
through an 1é-inch wide flange I-bean to the jacks which in turn applicd 
‘the load to the plate through the arrangement intended to provide simple 
support. This systen, while not exactly reproducing the practical situs 
tion, provided a solution waich was feasibie, and gave know conditions 
of loading. 

Bridging the gaps between the jacks was a 3/k" x 3-5/0" x 5° bar 
of AISI G-10,5 steel hardened to 50 Rockwell 0. ‘the purpose of this bar 
was to further distribute the load between the jacks when they wore widely 
seperated, end served as « bearing surface against wiich the loading sege 
mente bore. The bar was ground flat on one side, end on the other had 
@ shallew groove ground te allow two alternative ways of using the bar. 

The leading segments transaltted the load from the leading bar to 
the plate itself. These seguents were out from 3/i;" dlaneter drill). rod 
which had a longitudinal groove milled te center depth; the red was then 
out te lengths of 7/8" and 1/2", the shorter segments being placed at the 
end of the plate. These sogaents were hardened to a hardiness comparable 
to that of the loading bar. These segments tranami.tied the load along 
& radius to the edge of the plate. In this way torsional restraint along 

« Mw 


asrtetninaaad abla gamenale so att 
febivewe oat of sede entost sod od meede? ogee tt of 
steth alias aati aden ons aed aan 
coutie inohinag ete yutvakonget ylinaw den eltdy gaega Whit of 
metus aot ety dtu um He ate» tom 


eg 2B x BANU celdtacemanauiiiiin 
wd wide te sanguay otf .0 Cloyateet OF of temotvend Teodor % 
<fetter wrneu qed acti Satie dain via eaten 
Sgt thie Et iO Pehla NN EE RO 
hol “ente «St to bea DRE koe oo tee Mumeny eer cad we oe 
| ohtihed od geechaer te ipwvcabiliac ade tan tay napa 
of ted gabheat att ment Sead ah meneinat emia amaaiansted 
fine? ame het arid gliued sedan oP baile ovecty Lnatied gael » hed seiir 
ott tu bwealy gated simewyee “etree edt CL bas “ONT to eddynet of dye 
sideques aaccbust 3 of Sonsbyweat evew wtmagee oned? .ededg al?-to ew 
yanls tutsuteot Lenotem? Ww ett at .adely edd ‘te eghe eg of unthes a 
o £f « 


the plate edge was negligible, the plate edge was free te rotate, and 
the sliding friction and/or the groove in the losding bar prevented 

lateral. movenent of the plate edges. It is believed that a very close 
approximation to simple support was achieved. 

In the design of the seguents, sufficient clearance was allowed 
in the milled slot so as to reduce the probability of a notch failure 
at the internal corners. To reduce the amount of sccentricity of load- 
ing, shimaing strips 0.017 inches thick were inserted between the plate 
sides ami the segments. (Gee Mgure 27.) 

After the firet test showed that the load distribution was quite 
erratic, a gesket of neoprene wes inserted between the plate aiges and 
the loading seguents for the purpose of eliminating local hard spots. 
Tn later tests gaskets of 3/32" and double 1/16" diameter rosin core 
solder were used for this same purpose. Although the problem of hard 
spots was not completely salved by thie means, it wes reduced so as to 
indicate the use of the gaskets was beneficial. 


To obtain the required strain measurements, Type A~3 82; electric 
strain gages wore mounted on opposite sides of the plate at the center 

of the plate, and in some cases at additional locations along the hori- 
the applied load, gages were algo mounted slong the top and bottom edges 
a8 close to the edge as possible to messure the least favorable distribu- 
tion. (See Fig. 1B.) A four-arm Waeatetens bridge having as active 

gages, the gage on the plate and a compensating dumay gage on an willosded 
plete of the same thickness, wes used; the strains were read on a Baldwin 
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Type K (or L) Strain Indicator. Strain readings could be read to + 2 
miereinches/inch. Although the secepted aecwacy is + 5 mloroinches/ 
inch, differences of + 10 micreinshes/inch betwoun inktial and finsi 
sero readings were not uncommon, and occasional shifte of greater nagni- 
tude were recorded. However, in most cases the sero abift was fron 6-% 
mlcroinches/inch. 

Lateral deflections were meamured by an Ames dial gage with a rangs 
of 0.500 inch, mounted so as to slide along * planed angle iron at the 
horisental center line of the plate. (See Migs. 30 ami 32.) The dial 
gage iteelf was accurate te within + 0.001 inch. However, even though 
was uploaded, no attempt was made to cheek whether or not 11, deformad 
any when the system was loaded. 

The total lead applied was measured on Massachusetts Inetitute of 
Technology testing machine Mo, 105, e hydraulic installation built by 
Southwark~imery with 2 capacity of 300,000 pounds. On the lower scale 
(030,000 pounds) leads could be read to + 10 pounds, and when the machine 
was wsed to apply the load, the load could be maintained to + 50 pounds 
of the desired value. When the hani pump was used to apply the Lond, 
comparable accuracy could be obtained, the load readings boing taken on 
the testing machine. 

Ae an niditional check on the total load, « Babcock ami Wileox gage 
with a range of 0-1000 pai was used to measure the pressure at the manifold 
af the upper jack systen for some tests. 
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The test plabes were 
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Division, Quincy, Mess. They were laid out in the sane direction and 
eut from a single steel plate. Of the sines of plates for which the 
apparatus wae designed it is considered that the grow of plates with 
the lowest aspect ratic (1/k), 1.0, those having the longest loaded 
edge, presented the mat difficult problen in securing « reasonably 
waiform lead distribution. Hence this group of four plates was selected 
to evaluate the apparatus. The opposite edges of a1) test plates were 
Planed parallel to each other. 

In order to mount strain gages on the plates it was fount expedient 
to sand-blast or shot-blast these plates in order to remove the will 
sosle. One of this group of plates, Plate No. 1, was sclested ani 
instrumented along both edges as shown in Pig. 1B. SH), type A-3 strain 
gages were mounted close to each loaded edge so as to fall under and in 
between each of the jacks. Gages were mowrted in opposite pairs on beth 
sides of the plate and connected eo each gage could be read individually. 
Henee both bemiing moments and direct stress can be foul. Plate Na. 2 
was instrumented with five pairs of gages located om the canter line of 
the plates along the ">" dimension as show: in Fig. 23. Plates Woes. 3 & 
each have one pair of gages located at the center of the plate. 

Due to the shearing, machining, and blasting, the test pletes were 
slightly curved in both directions. Thia curvature was aiuimised as fur 
as practicable by subsequent rolling, It wis found that the curvature 
remaining in the long direction could be straightened by inserting Hock- 
ing between the plate and the angles commecting the "«"-elge supporte. 
These blocks were removed before the firet readings ware taken. ‘vhen the 
grooved side of the loading bar was wed, this we not necessary. The 
curvature along the shorter dimension is treated as an initial unfairness. 
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During the first run on Plate No. I (Mg. 18) the speciaen was 
inadvertently buckled end an ultimate load of 35000 pounds wes recorded. 
At this tine it wes expected thet this ultimate load would be higher, 
Hence it was necessary to re-straighten Plate Wo. I before further 
testing machine as a press. 


Eo of Test A 

A total of eighteen tests on Plate No. I wore run with the test 
apparatus to determine the load distribution. In each of these tests 
some detail of the loading systen was changed, such as the jacks (with 
or without), loading bar, gasket, shimming, or loading segaents. in 
all of these tests the sane plete was used since a total of 60 gages 
were installed on it for this purpose ami it was not practical to 
inetewsent wore plates this fully. In each test 2 load of about 20,000 
pounds was applied and held for several minutes to set the gasket. The 
lead was then removed, ant re-applied in progressive steps, gages being 
read at several values of the load. 


Bucking teste were made on the plate wed in part D shove, ami on 
three other plates of the same size. It should be pointed out that 
these tests were made te augment the evaluation of the machine aml not 
primarily te obtein buckling date. 

In each of the buckling tests, the load was applied by moans of a 
hant pump connected to the manifold of the upper jack system. Zero 
readings of the strein gages were taken when the plates were in plase 
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ready for testing but bafere any lool was applied. The losi we 
applied in increnunts of 2000 pounds ani strain gage readings telen. 
At certain leeds farther readings were taken for gages ether than 
those giving buckling data in onler te check the load distribution. 

To obtain the ultimate lead, the lower head of the test machine 
was moved up wriil the load began te decrease, This was taken as the 
ultimate load. 
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The results of evaluation teste rum on test plete No. 1 (nee 
Fig. 1B) ere presented graphically in Figures 1 te 20 inclusive. 
These plote depict average etrain readings 1 1/)" free each 
Loaded edge of the plate under and between each hydraulic jack 
position along the ">" edges. Original data and sample onlcula- 
tions on selected teste ave given in Appendices @ and 2 respect- 
ively. 

fo supplement the abbreviated description of the teat on 
each of the Figuwes 1 to 2) inclusive there is presented here a 
eode of test description. A more detailed description will be 
found in Appendix B. 

2. Code of Teat Description 
Be Load Application 
(1.) Machine ~ Load applied with 300,000 # hydraulic 
testing machine, Mo. 105, Testing Materieis Leboratery. 
{2.) Pum + Leed applied with hydraulic hand puxp 
through top eystew of jacks. 
&. Jacke 
(1.) Seven 20-ton hydraulic jacks on each edge as shows 
im Pig 27 ané coonecte’ to 4 coamon manifold. (Pig. 30). 
¢. Ho Jacke 
(1.) All Jacks vemoved. Loading bar bearing directly 
on I-besms. 
-18- 
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a, Ber « Loading Bar | 
(1.) 3/h" « Designates hardened etecl bar 3/h" x 3 5/8" 
tee Me. 27. 
(a) (F) ~ Plat wide of bar toward loading seguents. 
(b>) (@) ~ Grooved wide of bar toward loaling 
(2) 1/16" » Demignates thickness ef cold relied steal 
bar = 1 1/2" wide. 
(3.) 1/4", 5/16", 3/8" = Designates thickaess of cold, 
rolled steel. bar 1 1/i" wide. 
@. Gaaket » Description of gasket miterial between edge of 
— (1.) Neoprene @ 1/16" x 1/8" cut from aseprens sheet. 
(2) Selder ~ strip cut fron roll, of rosin core solder. 
a) 3/32" — Dinmeter. Single strip par edge of plate 
b) 1/6" «~ Diewwter. Double strip side by side por 
edge of plata 
f. Shine 
(1.) OGL?" shim stock inesrted between each side of 
sequent groove ami side of test plate. Remaining clear- 
ance ~ 0.003" 
g> Ho Stine 
(1.) Shims removed, Clearance between segaont slot ani 
plate apuroximately 0,035". 
h. Load 
(1.) Gage reading of 300,000 ¢ testing machine. 
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i. Tost Plate Orientation 
(1.) Ordentation indleated by showing location by 
umber of end gages on the test piste. 

je Coupubed Strain 
(1.) Average ceuputed strain for a loa of 16,000 Ibs., 
46.3 wieve inches por inch, ie shown as a horlsontal 
deabsd Line. 

B. Buckling Tests 

Four plate specimens were tewted to cliimate failure in the testing 
apparatus. Remulte of the teste are show: in Table IT and Pig. 21. 

Deflections and strain gage readings are shown im Appendix N. 

The fallure of each plate was observed to be one noded in both a 
awi b directions. 

In each test the losd was applied with the hen pump ani shine ware 
inserted between the plate aml leveling seguents. Plates 1 & 2 were 
tested with double 1/16" diaweter solder gaskets and with the flat side 
of the 3/i" loading ber toward the segments. Plates 3 & i were tested 
with single 3/32" diameter solder gasket with the grooved side of the 
3/s" ber towerds the loading segments. 
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RESULIS of BUCKLING FESTS 
Plate Datas afo 0.237 
gfe 86.5 (ae) 
B 28,300 kips/in.* 


Material: $d steel (1020 ship plate) 
Boundary Comiitions: Simple support on 221 fou edges. 


Plate No. Critical. swetn mn Gage Initiel | * tduate 

comes "tinckes)—(Anehew) (Ap) 

ie Boy" Lett 085 ons hae 
1.32" up 

2. 10.06" laft on 6.07 0.1545 29.5 

eenter line 
3s &t center 0.009 0.1545 32.5 
he at center O.072 0.1540 3305 


* Pais of gages on opposite aides of the plate ani nearest 
the maximus deflection of plate wider lowl. long axis of 
plate is horizontal. 

 Uitinete load after ve-straightening and after many stress 
cycles to loads below the ultimate. 
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T¥. DISCwsIG! G@ RESULTS 


2 . of orn Stress 
1. General 

Figures 1 to 20 represent the revelts of an effort to obtain an 
acceptable stress distribution along the loaded sige of the test plate. 
Test Mo. 1 (ig. 1) indicated immediately that the equipment was not 
performing as desired. The values of the average strains did however 
tend te vary about the mean calowlated strain indicated by the dashed 
line in Figs. 1 to 20 inclusive. Subsequent tests are attempts to 
isolate various causes for the wide variation in strain. It must be 
sdudtted that the results of these further teste were not completely 
satisfactory. Fairly wide strain variation continued to exist in all 
of the tests. A summary of comparison of average observed to arsrays 
im Table ITA, Appendix C. It may be said however that in general the 
average line of the plotted distribution of the observed strains 
remained parallel te the icaded eige, The necessity of using the 
hydraulic jacks has not been clearly demonstrated here. Test Nos. 15 & 
16 (Figs. Ho. 17 & 16) show scatter not far different fron other tests 
except that a load concentration appeared on one "a" «edge, Such results 
however depend on the accurecy to which the I-beams can be siidumed inte 
& parallel position. Under heavier loads that were not needed in these 
teste but which will be required for completion of the testing programs, 
the local stress concentrations produced by the beam shims may affect 
the L-beams locally ami destroy the original aligmwent. ‘Such action was 
actually observed when the I-beame were originally set up ani placed in 
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position. Also, the loads weed in thie part of the project were not 
severe enough to materially deflect the I-beams. It ia this deflection 
which the use of the jacks was designed to overcome. It was expected 
that on the plates with shorter beedge dimensions, the we of jecks 
would not be necessary. Based en the results of this thesis, it is 
felt that no conclusive statesent on the future use of the jacks should 
be made. 


2. Strain Gage Locations 

The strain gage locations on Test Plate No. 1 (Mig. 18) were placed 
as Close to the edge of ite plate as practicable as it was expected that 
at this location the strain veriation wuld be a waximon. Dus to the 
wide variations in strain observed, 1% is believed that further strain 
in order to trace the reasons for these variations. It should be pointed 
out that where the 3/1)" loading bar is wed, peak strain readings do not 
aiways fall wider jack locations. Also the jack foot itself (eee Mig. 27) 
ig not solid scrvss the loading face. This may give rise te some strain 

It is expected that the strains at the middle of the test plate would 
be considerably moderated through shear action even when varying adjacent 
Strains ave recorded near the lowied edges. It is the strain at or near 
the center of ite plate that is of primary interest when teste or buckling 
ave performed, Further experiments should be performed to deteruine the 
validity of this esaumytion. 


3. Performance of Hydrailic Jacks 
T is known that two factors are present which could affect the 
o 3h « 
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unifommity of action of the hydreslic jacks. ¥riction forees may vary 
frum jack to jack and provebly vary considerwbly withia one jeck with 
Changing losis. The pluager rwturn eprings in each Jack may not pre- 
duce idvatical return forces. For morwal jack ueage, tho uniformity of 
the plunger return springs is of littie comweqgence, bence 1% cannot 


 Undvomuity. 


 “‘Ghe vesulte of festa 3 to 6 (Figs. 5 to &) coubt indicate that the 
lower jack systes was perfomeing better thes the upper syeter since the 


werletions in strain always appeared to be less oo the lows plate sige. 
Im order to check this indication ani. te check the jock performance es 


& whole, Tests Nos. 0 to if (Figs. 10, 12, & 13) were res with a loading 
ber 1/16" im thickmess. This bar merely served to hold the leading sag- 
monte in place betwen the jacks. Very little losd distribution by this 
bay wee expected or found. Referring to Tig. 13 1% would appeer that 
the jacks fuuetioned unifomly. When cmatidering thet the possible error 
in each of the strain pointe plotted ic af the onder of ¢ 5 micrcinches 


_ blowing properly. The low exter of tha readings campeuwd to ise ccayatted 


average strain has no particular eignificancs hese aime the strain read- 
ings wider each Jack location ave alec under the hollow part of thy jack 
foot. Maximum veedings would occur about one amd one-half inches on 
eitmer aide ef the present gag? location Gepeniiug presisely on the 
valetive position of each segemt in the critical area, 


4. Eifeets of Gasmete 
A Comperieags of Fige. 1, 2, 3, & 16 can be wade to ety the effect 
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of placing gasket material along the loaded aiges of the plate. Frou 
Figa. 1 & 2 4t cam be seen that the use of 4 neoprene gasket mberialiy 
redueed ths strain variation. Comparing Fig. 3 with Fig. 2 it appears 
that the was of 2 aingls solder wire gasket further reduces these 
variations to a small extent. Figs. 3 ami 14 show Little changs 
wesulted frou using a double rather thas « eingle solder strip. This 
eomparinon is complicated by the fact that the flat side of the loading 
ber was weed in Mg. 16. 

points on the strain distribution can be reduced through the use of a 
than: a neopreme gasket although this difference may have disagpesred 
entirely if « thicker neoprene gasket were ased. ‘The results aleo tend 
to indicate the advisability ef using new gasket aaterial for each test. 


S$. Sise and Shape of tho Loading Bar 

A comparison of Figs. 15 ani 16 indicated that the presence of tho 
3/* thdek loading ber quite logically tenis to bridge the gap between 
the points of lead applisation under eset jack but in so doing iotrodaces 
lovsl strain variation of considerable magnitude. 

An ottenpt was uade te determine if an optimas bar size existad 
between the two extreme sizes wed im Figs. 15 and 16 by inserting bare 
of intermediate size. (See Figs. 19 & 20.) The resdlie of these teste 
the 3/8" = 1 1/k" ber gives acceptable results. Since the plate teste! 
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iffiew.ties of bridging the gap between Jacks will devrease on the 
vemalaing plates. 

When wing the 3/L" loeding bar a choles existed on which face 
te wee, Plat or grooved. During the carly teste it was felt that the 
position of the segmente in the groove may have givea rise to local 
strain variations. Hense, the Plat side of the bar was used in subss~ 
quest tests. A comparivon of Figs. 3 & 4 however shows that little 
difference in strain variation oan be attributed to thin effect. 
Aetoally daring the buckling tests, 4% wee fowsl that it ie necessary 
ee ee 


6. Effect of Skins 

A @tady of Figs. ly 5, 9, & 16 enews to imilcate thet the proseme 
of chimes has little effect on the wtraim variation. Bowver it is felt 
of eesentrie loading on the plate by inouring that the plate edge is 
countered at or under the radial center of the leating segment. 1% 
further side in straightening the plate edge when the grovred side of 
the lowing bar is used. 


7. Bifert of Leading Seguents 
tw tests (Pigs. 7 & 6) were rum without segments but with « shest 
these tects ware generally worse than for other comparable mms. Ti is 
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difficult to separate the effects of the change in gesket material und 
the effect of the segnents. The combination of effects however causes 
igher strain variations. it was felt that the gasket material used 
here (Lead roof flashing) seems too stiff a material and ite effect 


. ; a mmaked that of the segments. 


- The comparison of the critical stress of the plate specimens with 
| that of the thearetical predictions (See Table IIIB) was most gratifying 
‘gnd constituted an ieportant phase in the everall evaluation of the test 
equipment. Although evidence of a concrete nature is lacking these 
| the achievenent of eimple support on the plate edges was satisfactory 
at Least to @ practical degree. Further teste should be rum te support 
this view. In particuler a separate test perhaps without “a"-edge 
Sapports aheuld be run to check the ection of the segnente to deternine 
if woteational restraint is present. It is felt that fairly high leading 
would have to be developed before any appreciable resisting moment could 
develop. 

The results of the buckling tests do not completely allay the appre- 
hensions developed unler the discussions of uniform edge loading. These 
results do, however, provoke the thought that the degree of unifomity 
necessary for uniform buckling results is not as stringent as heretofore 
supposed. 

2, Bffeet of Initial deflections 
It will be noted in the results (Teble II), test Plate Bo. 1 failed 
* 39 
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at a considerably higher load than the remaining specimens. It should 
also be noted that the original ultimate load before the plate was 
straightened was 1200 lbs. lower than the final witimate load. Unfaer- 
tunately too few strein readings were recorded preceding the first 
witinate load on which to base an estimate of the critical leal. It is 
believed however thet the difference in the first and final ultimate 
loads can be explained at least in pert by the fact thet in restraighten- 
ing the plate, a complex contour of the plate surface was introduced. 
It is believed thet the strength of such a plate is increased depending 
on the amount and character of the departure of the initial unfairness 
from the final deflected shape of the plate pricr to yielding, With 
@imple support such shape is usually sinusoidal in form. No particular 
correlation between initial maximum deflection and final ultimete or 
buckling leads could be found with the remaining plates. This tends ta 
suppert the belief that in thin plates character of the initial contour 
is an oversiding effect when considering the strength of such plates. 


3, Action of Wide Thin Plates Under Edge Compressions 
4 comparison of Euler's colwm formila and the solution of the 
plate equation for the critical stress indicate that the only difference 
in form except for the Poisson effect in plates is the value of k in the 
solution for plates. Por wide plates this value is very close to one. 
Heme one would expect wide plates to behave very much like ecolweis up to 
the critical stress. An inspection of Figs. 24, 25, & 26 indicates that 
its test plates behaved vary much like eceantrically loaied colwms where 
the deflection grows continually under increasing load. Under such con- 
ditions it ia somewhat an artificiality te attempt to define a critical 
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FIG, 24 
STRESS VS. STRAIN DIFFERENCE 
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PLATE NO.1 
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FIG.NO, 24b 
PLATE NO 2 
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Fie. NO, 24¢ 
PLATE NO 3 
GO. * 3210 porw.t. 


FIG, NO. 24d 
PLATE NO, 4 
Se 3190 P-st. 
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STRAIN DIFFERENCE - LOAD RAT/O VS. STRAIN DIFFERENCE 
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batkling Load. However the necessity exiate if comparison to the 
theoretionl buckling etrees ia to be made. The significant leed how» 
ever, in thie case is the ultimate load, the occurence of which is 


probably coincidental with the development of a plagtic hinge in sn 
Clement of the plate. Bleich (Ref. 8, p. 475] gives a predicted value 
tor the ultimate strese in wide plates based on Marguerre’s large 


deflection theory. Such predicted values based on Jy and Cer lead 


 %o abaurd values for the plates tested since the assumption that the 


plate remains @ rectangle is not valid for these plates. It is believed 
however that Bleich’s predicted values of the eritical stress for the 
remaining plates in the test program will be extremely valuable in 
alerting the experimentor to impending failure. It should be noted 
that the euthors failed to obtain a sufficient mmber of readings juet 
prior to the ultimate load on the piste. ‘The character of the load- 
deflection near failure plays a ierge part in determining the theoretical. 
value of the critical stress. 


4, Caldbvation of the Testing Machine (See Appendix £). 

While this topic is not strictly in the nature of & result it dows 
have « bearing on the validity of the comparison of buckling results. 
thet indiosted by the hydraulic jack pressure at the manifold does not 
necessarily prove an error existe but it does admit the posslbility of 
Sach an error. It is expected however that any correction if required 
will be small einee the three gages on the machine agree very closely. 
Before future testing proceeds however, the testing machine should be 
calibrated. | 
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¥. CONCLUAToNs 


1. The load distribution provided by the test apparatus is not com 
pletely satisfactory; however certain lesser conclusions can be drawn. 
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The nydreulic jacks functioned as they were expected to, 
altheugh there is not enough data at present te sonclwie they 
are necessary. 

There was no general slope to the mean line of strain distri- 
value. 

The stiffness of the loading bar is an important factor in the 
lead distribution and one which is subject to mre study. 

as is evidenced by the fact that the strain peake showed no 
consistent tendensy te occur under the jacks when the heavier 
bars were used, 

losd distribution is net markedly influenced by type of gasket 
and whether or not shims are used; however a new gasket should 
be wed for each test ani ahime should be used to reduce 
secentricity of loading. 


2. Although ne specific investigation was made, it is tentatively con- 
eluied that simple support was obtained, in view of the following observa- 


‘tions: 


a The final buckled configuration. 


Be 


The fact that the edges remained straight eren after buckling, 
eupecially when the grooved bar was used, 
The resultant critical stresses. 
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3. The equipment is essentially satiefactory for proceeding with 
future testing, — 

he The grooved bar should be used for buckling tests. 

5S. ‘The stress distribution at the edge of the plete is not extrensly 
critical for buckling tests. 

6 The buckling end ultimate strength of wide thin plates ie not 2 
function of the muciwun measured unfairness slone since the initial 
eonteur and past histery of the plate may have overriding effects. 
7 Due to the difficulty of keeping initisl deflections enall with 
respect to the thickness for these plates, buckling loais eannot be 
obtained directly but must be obtained by extrapolating the data. 

6. Wide tirin plates act Like colume and their strength is affected 
but Little by the presence of support at the wmiloaded edges. 

9.  Gentingent upon the previous conclusions, veluable buckling date 
wes obtained for one series of plates. 

10, The theory as presented in Bleich [8] is supported, and can be used 
at least te predict the approximate critical loads for future experi~ 
li. Insufficient data was taken in the vicinity of the critical load. 
12. Ineufficient data was obtained to analyse the growth of unfairness 
in the plates. 

13. While no conmelusive evidence exists, there is reagzonable doubt as 
te the accuracy of calibration of the testing machine. 
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VI. RECQOUNNATICIS 


Farther investigation of the stress distribution should be made, 
and attempts made to improve it 1f nesessary, using « plate with 

@ larger thickness and emaller a/t ratio. Strains should be 
measured at one edges (as before), at the center line, and in do» 
tail between two adjacent jacks both at the edge aml the centerline 
te determine more completely the nature of the distribution. 
Further tests should be conducted te compare the operation of the 
apparatus when the hydraulic jacks are used ani when the loading 
bar bears directly upon the I-beam. 

Colum tests should be run (no “a"-eige supports) to determine 
whether simple support is obtained at the “b" edge. 

The test plates will be more acourately cut if sandblasting ie done 
before the edges are machined instead of after. 

Bleieh's theory should be utilized te predict the critical load for 
future experimental work. 

More date should be obtained in the region of the critical load. 

A @ial gage with « longer travel is necessary to measure the growth 
of unfeisness as the plate ia loaded. 

Before more teste are made, the testing machine should be calibrated. 
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Le _So9 Project 
Presented herein is a pertinent exserpt of Project 5-9 of the Hull 
Structures Comittee of the Society of Naval Architects and Marine 
angineers. 
Proposal. 
Project 5-9, Buckling Strength of Hull Structures 
9 April 1953 


"It ie the opinion of the 5.9 panel that progress in the subject of 
the buckling strength of hull structures may best be sccomplished by @ 
together to avoid duplication and, at the sane tims, to avoid undue 
delay, The two proposals presented at the 5 December mewting of the 
Bull Steucture Comittee possessed this balance. Since the fuxie made 
available do not permit carrying out the dual program proposed, a mre 
modest one based on the same considerations is submitted at this time. 

The desired area of study concerne the behavior of elemental flat 
pletes unfer pure compressive loading. liven for such geometrically 
simple elements and loadings there is almost no known experimental veri. 
Nisetion of theory in the range characteristic of transversely franc 
ahip proportions. Witness te this fact is borne out by the extensive 
use made of Montgowerie’s formulations presented before the Society of 
Yavel Architects of Japan in 193), which nevertheless do not approxiaxte 
ship comiitions in that the short unloaded edges of the plates ware 
usupported. Furthermore, in this range any date distinguishing between 
buckling and ultimate loads is almost non-existent. 
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Tee concrete proposal here made is to obtain experimental date for 
loaded edges elastically supported with uileeded edges simply supported 
for side ratios (a/o) of .33, .90, .75 and width-thickness ratios (b/t) 


ef kO, 7O and 100. Wlastic edge restraint coefficients of 125 and .50 


per page 436 of Bleich'’s “Buckling Strength of Metal dtructuces," are 


Fellowing « thorough literature search af this restricted area of 


the Wuckling field, such tests might reodily be performed oa plates 
1/8" thick by 3 ft. wide (about 1/4 full size)” 


/e/ J. Beevey Evans 
Chairman 
Panel. for Project 3-9 


Piranesi de: SP Ge 
Pty RE Gr oa serie ineeiins. Stn ast suskauhe: Kgl angen? See y 
PBF yc nN Ae iy, ete rah aah = re ‘ qee f, 2 ge Re 2 esta ityt ‘9 Met & 


iit Stee: ta ee = pales eh ad: Sergei ee, eee: 
e 


MRS BAC? Gey 20 Re TE A eae oe aR ee , 
Shirt Ath: ee eT HAE eke Maat serie Ct Re aerfiqodlile ce? ant Ve 
dein PAP Se ie ee AA or Oe ay “neeelaaes 
WRN Pee caticn AAR OG ae 8 Re Be Te eta ae Ee Me 
eg Use eh Ge ae RT. “Sq Unee ugh ia Sige Fe 


ed ak) 9g O8ENe Si OR ca oo ae? er earn hte ‘ee 
ae Ke Oo AY SAIN SCORER? ai ieaainman? lap Noa ate i t 


eet 


Be 3. eee Hi ih snk Nobaliie neh ipaanig mere Re Se RE De ue. ae 4 a 
ig a he fee oe aa ak eee “in 

si eh Ait tye ay ie, Shh Wey GRO: aR Net ee ae 
ee Me ae ey | ai Rares. 


2. Buckling Theory 

The fundamental general equation for a thin flat plate wider the 
aatien of forces in ite widdle plane, when the defleetion wis mmall 
compared to the thickness t, has been developed by St. Vent from « 
eh 


r ¥ y 
= Fd et ome eet} Le yan yw 
gd, 
ox? ox Ap 244 ( x ie 


where 0, ani 6) are the normal stresses in the x ani y directions asl 


a . The moment of inertia of a unit strip of 
plating is 1-2) , B dw Young's modus, ami D is Poisson's retvic. 


When Oy» 77° 0, the equation simplifies te the forn, 


EL tus Des y} 2. 
Es oy th + Merl oe fs (2) 
=o x ax*dyt a4* v 


Mlieieh [61 nas suggested an empirical modification of equation (2) for 
¢ional Limit. 
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For wide plates, however, he recemsenda the uee of a simplified 
equation by Ree and Hichinger, 


D4 KY al Ox *)yr 4° + Ox 3 em = oO ( } 


since it presents an easier solution, and since the difference betvee 
the results of equations (3) awi (lh) ie net very great for such plates. 
fhe general solution of equation (4) ia 


a = ea 
waere Rr = 7 (sk =F K-4 ) 


end it develope that when the bowwlary conditions of simple support are 
satisfied, the following characteristic equation ia obtained: 
tan 22 - x. tan SSE tS (L*- ke) =. 6 (6) 
where J is the coefficient of edge restraint. 
This equation yields characteristic values of J, at which the plate 
changes froa one configuration te another, the lowest value being the 


tuskling stress, ¢ ..» 
KE? -e;A> 
: phy tiie * 2 
a 12 (1- v*) Cw (7) 
ou Car — Be + er 
awe (8) 
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« $2 = 


(% teh 209 23 + a ay 20> aiey! a 


pew Pe aves ts ma a nie ‘he bonis 


TAK 
{f) igi ele 


Bleich presents a teble of I values for various coubinations of 
and f [Ref. 8, p. h36]. Por plates simply supported ° 

Solution of equation (3) for conditions of simple support at ail 
four edges gives the result 
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where n is tas muuber of half~waves in the buckled shape. 


oy" on of usklinge Load 

The theoretical buckling lead is the lead at which the plate 
suddenly departs from its plane condition ani assumes a buckled shape 
with two-dimensional curvature. This load can be calculated by apply~ 
ing the “least work’ approach introduced by Kirshhoff ami applied to 
Plates by Bryan. In practice tiie phenomenon may not occur abruptly 
due either to initial "“wplaneness” of the plate, or to the fact that 
‘the yield point is reashed in the fibers of the plate before buckling 
eceurs, The buckling load as obtained in practice mut be a rather 
fictitious value found by some leas direct means, Methods available are 
the "top-of+theeknes" method, the "stress-reversal" method, Vasta’s 
nothed [19], Yoshiki's method 60 , ani Southwell'’s or Donnell’s method 
(48), (28). The tepeof'sthe-lnee method depends upon the rate of change 
of the lateral deflection with increasing load. This deflection may be 
measured directly, or the bemiing moment in the plate as determined by 
the difference of the strains on opposite aides of the plate may be used 
28 on indicative value. The strain reversal method defines the buckling 
load as that at which the slope of the strain-load curve for either side 
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of the plate reverses direction. Vasta'’s method is based upon the 
shortening ef the plate in the direction of the load, and could be 
applied with difficulty in this investigation since it is based upon 
& “sonstent-deflection" application of the losd, Yoshiki attempted 
te secentuate the change of elope in the load-deflestion curve wea 
du the “tep-of-the-kmee" method by plotting deflectlen-squared versus 
the Load. 

Southweli’s method is based upen the bending of a eoluw which hae 
some initial unfeirness. Starting with the besie differential equation, 
‘tie following expression can be arrived at: 


; Foy ~ @ 4, (10) 


If a plot ie made of Sve. d , the slope of the line is the inverse of 
the aritics) load, ani the intercept on the d-axis is the initial deflee- 
tion dy. 

Donnell hes devised « variation on Southwell's method which has sone 
artvantagen. If P ts plotted against 2, o line is obtained hose 
equabion Las 

For P 45 (12) 
The intercept en the Peaxis is the bwkling load, ani the slope is the 
initial unfairness. 
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The eurvey of the pertinent literature indicated that 
Polyclrowe [40] and Capozzoli [12] had tested plates of high as- 
pect ratios et Massachusetts Institute of Tectmology. Squipment 
wae designed and built to provide simple support of the unloaded 
edges. This equipment was mate available to this project if its wee 
proved feasible. ‘The total length of support for each edge was 34"; 
hence this limited the totel length of “a"-cdges of each group of 
plates to be tested if these supports were te be used. A chart was 
node of the ratios a/b, a/t and t of the plate specimens using values 
oft for standard plate sises and limiting the thickness to 5/16", 
the maximum capacity of the supports. 

The maxim capacity of the materials laboratory hytrawlic 
testing machines was 300,000 pounds. This placed an upper Limit on 
the eize of plates which could be tested. 

With these two criteria, 1.e., the total length of “a”-edges end 
the testing machine capacity, the plate sizes were selected and are 
presented in Table I. 
bo) B-Bdges 

Since the longest selected plate was 56.75" in length, the teat- 
ing jig must be about § feet in length. The woper head of the test- 
ing wachine presented an annilaxy bearing surface 12° 0.D. by 11” I.D. 
The lower head was s 2 foot square. Expected lead analyses of the 
proposed plate sizes indicated that sise 43.75” « 10.19" x 7/32" 
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imposed the severest condition on the jig both strength-wise snd 
from the standpeint of distributing the edge loading. 

tion of 5% slong the loaded edge an I-beam of approximately 12 feet 

in depth would be required to bridge the gap from the head of the 
testing machine to 43.75" length of plate edge. This was in line 

with the experience of the David Taylor Medel Basin where constent 
displacement heads of the sane order of magnitude were foun! necessary. 

Tt was felt that a more practical solution would involve the 
use of hydraulic means to distribute the load. <Accoridingly it was 
found that comercial 20-ton hydraulic jacks could be fitted in the 
testing jig, seven on each edge connected to a common manifold, which 
when backed by an I-beam of approximately 16" depth should provide a 
solution to the problem. These jacks could be placed along the I-beax 
(See Fig. 27) with different intervals to suit the particular plate 
sise. It was found that these comercial jacks (See Fig. 31) could 
normally be expected to withstand a 10% overload. Considering this, 
seven 20sten jacks would equal the rated capscity of the testing machine, 
do@ey 300,000 pounds. 

There still remained the problem of converting the load from each 
jack to « wore wniforn losd on the plate edges and still maintaining 
this edge as simply supported. Frankland [19] merely butted the square 
edge of the plate against the flat loading lead relying on friction to 
prevent lateral motion; Yoehiki [60] used the sane arrangensnt except 
that he rownded the edges of the plate te minimize the rotational 
restraint. 
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Sinee both of these methods necessitated very careful machining 
of the plate edges, it wes felt thet the same result could be ac- 
complished by using the milled or sictted cylinders which would fit 
over the edg: of ite plate and bear om « loading bar which could alao 
be used to bridge the gap between the jacks, (See Fig. 27) ‘The 
cylinders, or loading seguents ehowld be restricted in length to 
minimize torsional reetraint on the loaded plete edge. Both the 
segments and the bax could then be hardened to resist deformtica 
under the high loading at the point of contact. The loading bar 
was ground flet on one surface and flat with o shallow groove in 
the other surface. It was believed thie groove might be necessary to 
reetrict lateral movement of the plate. 

e) “A".Bdges 

In oxder to avoid trenamittal of load to the “a”-edge supports, 
these supports should be completely independent and mounted fee 
from the “b"~edge loading arrangsment. The “a” -cdge support should 
prevent lateral motion of the edge of the plate while peruitting 
both rotation and translation in the plane of the plate. 

It was found that the “a"-cdgs supports designed by Polychrcm 
[40] and modified by Ceporsoli [12]| permitted freedom of rotation of 
the plate edge for shout 20° on either side of the plate axie if the 
bali bearing races were permitted to slide om the channel sides (See 
Wig. 29). The bell bearing support allows translation in the plane of 
the plate and can be adjusted to the thicknese of the plate by the 
use of spacers between the rnce cupport and the channel, with the 
final sdjusteent of the desired pressure being accomplished with the 
them screws. The chammele are beld in place by an arrangement of 
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rode and turnbuckies counected to angl« iron braves rigidly attached 
to the frame of the testing machine. (See Pig. 33) 

The two "a"-edges avw connected te each other by an angle on either 
wide of the plate to prevent the support from slipping off the plate 
eige. These angles both have ons edge planed to serve at a base for the 
Sliding dial gage with which actual deflection measurements (4°) can be 
read. 

@) Hydraulic Jacks 

The I-beams were both skimouachined to provide a flat base for the 
hytraviic jeoks. ‘These jacks are further held in position by two angles 
on either aide which are bolted te the I-beam but hold the jacks only by 
clamping friction. These angles are slotted to ascommdate the hydraulic 
fittings av the jask positions are changed. The Blackhawk Company, mame 
festvarers of the hydraulic jacks, indicated that reasonably equal pressures 
could be expected im each jack when several were comested to « someon 
manifold. Some slight variation in delivered force, however, may be 
expected from varying friction loads in the different jacks and varying 
bask pressures created by the tanslon in the spring of the pisten return 
meshanion. 

Bach of the seven jacks along ene edge of the plate was comected 
to « manifold mansfactured from 3° diameter cold rolled steel. (See 
Mig. 30). Thrie manifold also had outlets on which a pump ani pressure 
gage could be mounted. (See Fig. 34). 
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eription of the method of asveubling the test equipment is given. The 
weight haadling equipment consists of a chain hoist axi a narrow four 
wheeled truck which will fit sasily between the frame of the testing 
machine, The steps are as follows: 

@) With the chain hoist and sling place the upper I<bean on the truck 
and move inte position in the testing machine under the upper head of 
‘the machine. A 1/," shim will be found between a spewing ring olauped 
to the I<beam and the bean itself, This shim should be towards the 
Window. Tt ds convenient te lift the wheels of the truck over the ledge 
created by the difference in height of the floer level and the lower 
head, by means of a lever. The wheels are then blocked up to the proper 
height and the truck moved on to the lower head. Once the equipment is 
on the lower head it 4s adviesble to reise the lower head slightly, sbout 
1/2" to prevent the possibility of locking emelpment between the upper 
oi lewer heads. Should such « lock become positive it might be necessary 
to Gimmertle the testing machine te remove the equipment. 

b.) The upper head is lowered carefully over the 2" stwi protruding from 
the I-bean. The plate washer and sot is secured leosely on the stuil. 
The I-bean may now be lifted clear of the truck and the truck removed. 
Tt may be comvenient now to lower ite I-bean until it barely rests on 
the lower bead. The beam may now be positioned on the head. ‘Seribe 
sarks will be found on the spacing ring and the upper head of the test- 
ing machine to facilitate alignment. when the bean is in place the 2” 
mut should be tightened ami the upper besd raised about 2 ft. clear of 
the lower heed. 
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eo) The upper aysten of jacks, already positioned as desired between 
the clamping angles may now be lifted as a unit and pleased on the truck. 
It will be found that if care is taken, the jack feet are wide enough to 
prevent this assembly fron tipping. The truck is then moved inte position 
under the upper I-bean and the bolts secured. ‘The upper head and jeok 
systen is Lifted te a maximum height amd the truck removed. 

4.) It de wally convenient to leave the lewer systen of jocks attached 
to the lower I-beam. This whole assenbly thon may be Lifted on the truck 
and moved: imto position on the lower head with only the front wheels on 
the lower head. The lower head is raised shout 1" or 2" and # block is 
Placed under the higher end of the beam. ‘Tho head is then lowered go 
that one end of the I-bean now rests on the block. The other end of the 
beam is then lifted clear of the truck with the chain hoist end the track 
veuoved, The lower head is then raleed until the I-bean is nearly sup- 
ported by it. A 1/h" shim is inserted under the edge of the T-beam neare 
eet the window. It 1s advisable at this point to position the lower 
‘Iebeam on the head by lowering the upper head and watching the opposing 
jeske. Such shims as deemed necessary under the lower head are best 
inserted st this point. The blecke and chain heist are then removed and 
the lower head brought down te sbout 1" from its Lewest position. 

@.) The a-edge supporting angles with rods atteched way then be placed 
auc clamped to the proper height on the H-beam frames of the texting 
mathine. The “a™«edge channels, held together with their supporting 
angles which are spaced according to the width of the plate specimen, 
ave 913d inte position and rested on the ends of the lower leading bar. 
The tuwesbuckles may then be seeured and the "a" -udge supports lined up. 
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£2.) After initial deflection of the plate readings are taken, the test 
plate is placed in position between ite “a” -edge channels and rested on 
the Lewer loading bar. The ball-bearing races are inserted to hold the 
Plate in place. The shims for the loading soguents, if used, are held 
in position slong the tep edge either with C-clamps or a segment placed 
at each end, or both, The gasket material may be placed along the edge 
ond the remaining segments, positioned on the top edge of the plate over 
the gasket and ehims, The method of placing the seguonts along the 
bottem edge of the plate depends upon the type of gasket material used. 
The thusbecrews on the "a"-edge channels are tightened co thet the plate 
may be suspended from the "a*-edge supports. ‘The lower head of the test~ 
ing machine is then lowered slightly. If solder gasket material is used, 
the head 1s lowered about 1/2". The segments may then be eid inte 
position frou «either end of the plate. The solder may also be run in 
from the end of the plate betwoon the segments and the plate edge. The 
shims are then inserted between the seguent ami the side of the plate. 
If a flat gasket such as the neoprene strip is used the seguents mast be 
rolled in from the side of the plate. Careful spacing of the distanwe 
between the plate edge and the leading ber is necessary to accomplish 
this successfully, The lower head is then raised until the plate is 
gapperted. Heth upper ani lower head and the "a"~edge supports are then 
positioned so thet approximately equal plate overhang rewaine shove ani 
below each "a"-edge support. The plate is new ready to leai. 

g>) The strain gage hook up may now be completed end sero readings taken. 
The pressure gage and han’ pump may be sonnected to the manifolds if 
desired, A slight loaf should be placed on the plate, probably not 
exceeding 1000 pounds. The loaded edges of the plate may be foraed into 
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a straight Line as the segeete tent to seek the lowest part of the 
groove in both lending bare. It is useful. to apply some grease to the 
losding bar grooves to facilitate this operation and subeequant eliding 
when plate deflections are large. The straightness of the edge may be 
checked Wy eye or with e straight edge. Zere or near«sere deflection 
readings may be taken with the dial gage at dewired locations along the 
horizontal center line of the plate. 

_ he) The application of the lead should be gradual at first until all 
abeut 2" of each jack ram protruding, more perhaps when higher loads 
ave reached. The axount will depend om the degree of leakage in the 
syetes. A stress of shout 1000 psi is needed to defers the saldar 
gasket if this type ia weed. ‘The load corresponding to this stress 
should be placed on the plate and allows! to remain util the rate of 
deerease of ite lead ia nearly sere. If it is desired to cbtain test 
pointe below this loading care met be taken net te unload the plate 
ontirely if stead of the "b*-eige waa required. The test is 
now ready te proceed, 

i.) Disagsembly of the eqaipment generally follows the reverse of the 
method desoribed above. 


ration ef Test Description 
In order te evaluate the effect of the various components of the 
test apparatus, teste under different conditions were run and deweribed 
evyptieally in the deta sheete and on the graphic results. (Figs. 1 to 
20). 
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@s) Load Application ~ Machine or Pup 

Tt was intended that each set of hydraulic jacks (top and botton) 
wold be connected to a cama manifold with the jacks partially 
axtended. The testing maghine would then be used to apply the low to 
the jack systen. In an atteupt to evaluate effects of jack friction a 
hydraulic hend pump was comected to the top group of jasks en! the load 
was applied in thie manner. It was found alec thet the quieter operation 
of the hand pas was more Contucive to efficient test procedure, hence 
this method wes generally used eu subsequent teats. 
bs) Jacks ~ No Jacks 

One wet of teste was run without the hydraulic jacks in order to 
ieveams were vhimsed so as to be as nearly paralic) as practicable, 
Ss.) Ber 

The hardened loading bar designed for the apparatus is designated 
by the thickness (3/k") ami whether the flat (7) or grooved (4) side of 
the bar bere on the segments. (See detail Fig. 27). Since the loaling 
pressures on this particular size of plate are comparatively lew, cold 
rolled steel bars 1 1/i" wide ani thicknesses 1/16", 1/l", 5/16" and 
3/8" were substituted in various teste in en effort to shed light on the 
effect of the stiffness of the bar on the test results. 
d.) Gasket 

In an attempt to eliminate local wievenesses in the edge of the test 
plate various sizes and typss of gasket materials were placed along the 
edge of the plate under the bearing segments. Where «2 plastic gasbet 
weterial was used such og the solder, the gesket was first eet by running 
wp the load to spprocimately 20,000 pownis and allowing the gasket materiel 
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to flow plastically for several. wimutes util the rate of drop in the 
losd was approximately equal to that of normal leakage in the hydraulic 
system, 

The neoprene gasket was cut from a sheet 1/16" thick to a width 
equal to the approximate thickmess of the test plate. Two diameters of 
solder gaskets wore used, 1/16" ani 3/32". The 1/16" solder was used 
as « double strip side by side, whereas only a single strip of the 3/32" 
aiemeter solder was used. During two tests whore no segments were used, 
a strip of lead house sheathing about 1" wide and 1/16" thick was placed 
between the loading bar and the edge of the plate. 

@.) Segments ~ No Segments 

Since most of the test results indicated the presence of fairly 
high moments in the plate from the beginning of the tests, it was decided 
advisable to determine whether or not the bearing segments influenced 
this phenomenon. Accordingly during several tests these segments were 
removed aml the plate was butted up against a sheet lead gasket on the 
loading bar. 

f.) Shims ~ No Shims 

The seguents were made with the slot a minimum of 1/32" wider than 
the plate. In order to reduce the possibility of eccentric leading and 
to check the effect of this clearance on the observed moments in the test 
plate shim stock was inserted to reduce this clearance. On the tests 
where shims are indicated, shim stock of .015* ami .002" ware placed 
between both sides of the segment and the plate making « total addition 
ef shim steck .03i" on each "b"~edge. The maximum estimated clearance 
between the plate and the segments after the introdustion of these shims 
is .003". 

~ 


ne eee oe 
isso iain Ulli ibe ve ot in 
iin wee “2A Joan mt | | 
to wuntomsth ox? peiaaneaniae sindincnaanel 
sabeio meseeretidigsedl imo 8 a satin i ainda 2 
beau oma etasnge ca emis teed ont gina cow mee va 
Se aE re “os 
<itetSn citarig cb title tad 
ee pene cent ete wuld ts we n 
Suedhardipapeail tabunaeanaanniae 
seo mo snd See Soot Panne os akin ay a at 


yore nike. Aa 
a | ‘Ez cafe 


hap gettect ubstussoe te pittidteney atv soxbes of wehe AT coed ti «5 ¥y J 
geod odd at etnowom herreade odd mo soncumele alds Ye deste et omdoiey if 
nined od 0 .oomemels alld covbor od between ant doods cated 
cebtthhe vey » gavalac data esd beim trergem ott fe wabte csed somebed: 
wile onils to ambirwbe wh add vette ahnaeges edt bem adadg ould neewbod: 


« JB » 


G>) Load 

The lead was measured on the most sensitive gage of the testing 
machine that would reserd the load. Three gages are available of 
ranges 0-30,000 pounds, 0-150,000 pounds, 6-300,000 pounds. ALL gages 
have adjusteble sero readings so that the weight of the apparatus in 
the machine is compensated except for the upper loading bar and sag~ 
nents. 
ho) Pi » Internal Hydralie Pressure of Top System of Jacks 

In order to provide a check on the total load recorded in the 
testing wachine and to aid in determiming the force syatem on the 
leading bar should this be necessary, a pressure gage 60-1000 pounds 
was mounted direstly on the upper manifold ef the tep hyireulie jack 
aysten end the pressures recorded. 
i.) Strain Gage Readings 

These readings are direct readings of the strain gage indicator. 
The index number did not change during any given test and te save space 
thie munber ie recerded only wider the sero reeling. The sero reading 
wes taken after the gasket hed bean set intt with the blocks used to 
minimise the curvature of the test plate in the "b"-sdge direction, 
still in place. Tiw did not permit complete cycling of the gages on 
instrumentation. The dummy gage was mounted on a piste of the sane 
thickness and same material as the test plate. The leade to the strain 
gege indicator were about the same length ae those from the test plate. 
The dummy gage was located as close as practicable te the test plate. 
js) Deflections 

Initial deflections in the "a"-edge direction were recorded on 
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Plates 2, 3, and 4 at 6" intervals from the center line and st the 
center. Deflections st the center line in the "b"~-edge direction 
were recorded at each gage lecetion on Plates Ne. 1 ami Mo. 2 axsept 
near the “a"~edges on Fliate No. 1 where wiring interfered. Here the 
deflection noted was between the two end gages es noted, Deflections 
on Plate Hos. 3 ant were recorded at the saws location as the initial 
resdings. It will be noted that in certain cases the deflections 
execeded the maxima travel of one-half inch on the dial gage. 
ks) Plate Orientation 
In Figs. 1 to 20 the plate orientation is indicated by the ounber 
of the strain gage in each corner. This plate was reversed during 
laver tests along « diagonal as a cheek on affect of unevenesses in 
the eige of the plate. 
1.) Gomputed Strain 
The computed average strain bawed on a los of 10,000 pounds ant 
the area of the twet plate (b' x t) aswuing «2 value of £ 28,300 
idpe/inch® is shown as « dashed horizontal Line 
10 600 
Cav = os = 


‘@ 


x = 40.3 « infin 


Since the securacy of the individual strains plotted is 5 «in/in 
only values of the individual strains above 5.3 or below 35.3 should 
be considered ag different from average values. 


ho Date on Test Plates 

a) Length ~ 1 = 13.3125" 

db.) Width » b*= 56,75" 

Go) Thielmecs » This dimension varied slightly among the four teat 

plates. Mexsuvements were taken along the edge with o micrometer. The 
= 66 « 
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plates were weighed end an average thickness deteruina!d assaning « 
density of eteel @.283 peunda/inehss’. The surface of the plates ware 
slightly pitted from sorresion and ghot blaeting. Ths depth of pite 
was deterained fairly aceurately by measuring the "s"-edge where the 
surface had been ground to the depth of the pits. An average depth 
of pits as determined by this method is 0.002", The pitting is fairly 


| evenly distributed over the surface and it is estineted that en average 


thickness ia to one half of the average dopts ef pits. However the 
effective thickness of its plates is considered ic be the thickness te 
the bottom of the pits sinse the Lines of stress will not fellow the 
contour of the pits to a marked degrees. This saw procedure is followed 
im calledlabing the value of the modulus of elasticity (i), hence the 
effect will tend to cancel in the analysis of plate strength. 


Plate Mo. Weight Gibs) ‘tar. tar. (wier.) Pits tecuateelt 
(Sa, (an) (in) (in) 
i Bs 139 ol STS Oa, A535 
2 3.2 60 21585 000%, od SUS 
3 33.8 158 ol 585 oO: e155 
h, Bef 163 ol 580 00; al Sho 


Hominel thickness of the plate iz 0.15625" 

Since the ecele was accurate te 6.5 pounds wad ite density ef the 
steel was asmumed, 14 is believed the micrometer readings, even thoagh 
teken only arews!l the edge of the plate, give « sore avcurate reading 
of the plete thickness. 
ad.) Ratios 
"3" .eige Dimensions Defined as the length between "a"~edge wupperts. 
1/k" om each oni of the plate was allowed beyond the senter Line of the 
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vow bell bearings in the "a"-edge support. 

b=b? = 2 x 1/" = 56.25" 
")wedge Dimension: It waa considered originally that this dimension 
should be the over-all width of the plate plus the distanee added by 
inserting the loading segments over the plate edge. The plate sizes 
ware determined on this basis. Further reflection indicated that the 
true Length of the "a"-edge dimension should not include the sidition 
due to the segnents. The edge of the plate extends to the center of 
the segment (mimes gasket thickness). ‘The loai however is always 
is circular in eross section. 

a-~width of plate = 13.3125" 


Ampest Ratde « afr - ee = 0.237 


Thickness Ratio~ o/t - 12-9125 - 85.4 Pit. # 1 
8.8 Plt. # 2 
6h.8 Pit. # 3 
8.1 Flt. # bh 
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FIG. 
DETAILS OF LOADING ARRANGEMENT 
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DETAILS OF LOADING ARRANGEMENT 
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Cc. a axed 
Table ITI A 
P= 20,000 1b, £7 Slsl in./in. 
Noo * Cav Lowst&, Sumer Highest<, 
1 t 8&5 46.5 h2.7 153.0 
B 0 35.0 56.9 152.0 
L tf 62.2 46.0 40.8 126.5 
B 69.7 39.5. Sle 9425 
5 t 69 KS 3606 G05 
B 1 45.5 43.9 102 
rs . %2 46 L0.8 120.5 
B 69.0 k7.5 bL.5 96.5 
7 & 69.8 Shed 57.5 97.0 
B Ti? 23.5 71.0 105.0 
13 ¢ &.7 55.5 31.6 ill 
B 7.1 4&7.0 42.1 12 
i ft 7.0 4&7.0 k2.1 136.5 
B 72.6 52 35.9 95.5 
15 t 66.2 22 73.0 118.5 
B 62.7 20.5 h.8 88.0 
16 Tt 72.0 52.5 35.3 5.5 
s fh & 68.0 112.5 
17 t 63 Ss 56.9 116.5 
B 64. 15 61.5 120.5 
18 tT 79 29 6463 106 
5B 7.2 a7 TP oi 112.5 
@ T= Top of plate j B= Bottom of plate 
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Flate Ho. 1 2 3 h 
a (4m.) 13.323 13.323 13.333 13.313 
» (ine) 56.7% 56.78 56.75 56.75 
+ (4n.) 0.1835 LoShs L.5uS 1.5h0 
afe 0.237 0.237 0,237 6.237 
aft 86.8 86.2 84.2 86.5 
bf 370 367 367 368 
4, (measured) (in. ) 0.085 0.057 0.009 0.07 
4d, (Bonelli) (in.) 0.038 0.059 0.018 9.960 
dp (Southwell) (4n.) 4 Obks 0.061 9.019 0.062 
T wht Comp.) (pect) kako 3376 5720 3830 
7 ee (Theory) (psi) 3780 3630 3830 3810 
O oe (*F.0.%.") (pat) 3730 2620 3210 3190 
G exe (Donnell) (pat) 1,640 3530 3580 42.20 
L520 354.0 3635 3980 
+ 23k o7.83 al 53 + Fel 
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Do SAMPLE CALCULATIONS 


i. the longitudinal strain in the plate st a given point on its neutral 
exile was obtained by averaging the strains obtained from a pair of gages 
mounted on opposite sides of the plate and opposite eash other as show 
om Fig. 15. All odd mobered gages were on one aide of the plate, and 
that each odd gage had opposite 14 the gage with the next highest even. 
remiber . 
Thus fer gage mubers 67 and 66 in Test No. 19 on Plate Mo. 1, at a lon’ 
af 20,000 pounds, | 

E 4+ + 261 mleroinches/inch 

E g- =359 


2. The average longitudinal stress in the plate was obtained by dividing 
the total applied lead by the edge area of the plate. 


P 
Gw * bint 
For Test No. 19 on Plate He. 1 at a lost of 20,000 pounis, 


For the same test, at the eritical lood, 
Page - 4Oyh00 Ube. (Dennel) 
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the value of EB obtained from Appendix F. 


A different value for ©, is obtained if the plot of axial strain (<.) 
is integrated by the trapesoidal rule slong the line of gages, mmbers 
%, 8 through 35, 36. (A value of 81.2 will be assumed for the axial 
strain ab gages 36 and 36, aince no reatings were obtained at those gages 
for this test.) 

(33,3h 


) 
Ce! ae E al %58)+ eae a+ 3 £ (35,36)! 
(9,10) 


4. Percentage of maximm deviation of axiel strain from average strain 
ae commuted from the total load. 
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by subtracting readings of epposlte gages. Arbitrarily this vas teken 
as 


Ege S4-¥ (4) 
For Tost No. 19 on Plate Mo. 1, walug the values in (1) above, 
E ge fy aI59 = (+181) - «50 mleroinches/inch 


bs VEAULCaL 108 LOp=Ol teh dethed). To obtain this value no 
ealoulations other than these given above for 0, and (f-¢,) wers 


necussery. After plotting (., ve. (f9- £,) the tangeste at the extreni~ 
ties of the curve were drawn. The intersection was taken as the buckling 


SA ie 


For gages muber 67 and 68 in Test No. 19, Plate No. 1 at a load of 
20,000 pounds, 
P+ 20,000 Ibs. 
Egu Ey > 540 microinches/inch (from above) 


Sgn zy Sho | 
pe" 30,009 ~ 0270 


A pot of “22 - WBe Ege fy gives a vtrxight line with a slope 
equal te the critical low. 
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Gin = Tee + 620 pet 


The intercept of the straight line with the (“)- <,) axis represents 
an equivalent initial deflection of the plate. 
(&g0Zy). = 395 microinches/inch 
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gz 0.3 
iL: 13.313 in. 
% - @.1535 in. 


(EqeZ4) = 355 x 10 4n./in (from above) 
to - SH wee (395 x 20-6) = 0.0378 in, 
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P wa. P/(Ep. £3). 
For Test No. 19, Plate Wo. 1, 
Poy = 40,400 Ibs. 


P F 
Ter = er os L6k0 pai 
~ " of 


(Eg" Eq) = Jie} = hi15 mieroinches/inch 
eile a5" alla | 
9» 
os i so 
at * Tey ree = 
& =28,300,000 1bs/in.* 
¥=6.3 (asewned) 
& =13.313 in, 
b = $6.25 in. 
- = 0.237 
KE =2.223 (Table 40, p. 436) 
bald 1.000 
cr ~ 160,200 ? 
Plate Ne. t (in.) Cap (psd) 
i 1535 3760 
2 ol SS 3830 
3 15S 3830 
h 21540 3610 
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where 2% =26,300 1b./in.” 
Y=0.3 
@ = 13.313 in. 
b = $6.25 in. 
06 = & = 00237 
kee 2) for plates simply supported on all four edges 


n=1i 
0 « e)* = 9 
Tey = 162,000 +# 
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10. Modulus of Elasticity 
Por specimen number 1: 


A= 2.57 ins Huggenberger G. F. (#1) =1051 
w=0.8435 in. Huggenberger G. F. (#2) = 10,0 
+=0.1572 in. 
Ab P= Or Ry = 1.55 
Rg=1.51 
At P =2160 Iba.s Ry =1.09 
Rg = 0.86 
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From a composite plot of eli three specimens 
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cD DISCUSSION 


i. Comparison of Methods for Determining Jp, 

the theoretical buckling stresses ami are also the lowest given by ony 
not useble in this case. This is in line with previous experience that 
unfairness. {To obtain better results it is necessary to apply the 
method te « series of plots for plates of the sane size but having 
different initial deflections. If a line is then dram through the ten- 
gent intersections and extrapolated to the (-axis, the intercept repre- 
sents the critical stress for s plate of sero initial deflection. This 
method was not usable for the series of plates tested in this work since 
there appeared to be no well-defined line through the pointe. A further 
difficulty in using the "top-of-the~ines" method ie that a lerge mumber 
of points mast be teken around the buckling point, and even then the 
upper tangent may be somewhat difficult to draw. 

This same difficulty is inherent in Yoshiki'’s method, although the 
difficulty of drawing the tangent is reduced if a sufficient mmuber of 
pointe are taken, and the knee appears sharper. 

The Southwell method [18] and Donnell's variation |1] are based 
upon colum theory rather than plate theory. However, these methods can 
be applied to some plate situations, especially when the aspect ratio is 
snsll, ond the $ ratio is large as iv true for this case. For other plates 
these methods may be invalid, but the fact that the plots are straight 
lines for the present tests is strong evidence that the results are good. 
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In any event, either method may be helpful in that additionel points 
con be taken from the straight Line plot and weed to more fully 
define the T-d curve when the * ~the-knee" or Yoshiki's method 
4a used. Donnell's wethod seems somevhat preferebie when it can be 
used since the plotted points are evenly epaced (for even Lacrements 
of load) and eince the critical loa! can be read directly as the 
intercept on the P-axts. 
2. Deflec Measuranents 
During the tests numerous lateral deflection measurenents were 
made along the plate, ueing the planed edge of the angle connecting the 
“".edge supports es the reference line. These proved to be practically 
useless, since the plete adjusted itself in the early steges of loawi- 
ing, and the deflections for the lower loads did not refleet bending 
in the plate. Attempts to use these values when making buckling-snahyses 
generally failed. 7 
A fer better measurement of the lateral deflections in the plate 
was the difference of the strains in opposite pairs of gages. These 
differences are directly proportional to the moment, and when the deo 
formation of the plate is sinusoidal, they are proportional to the 
i Lateral deflection. These values are free of the effects of any lateral 
movenent (without bending) which might occur as the plate adjusts it~ 
self to f1t in the grooves in the loading bar. Furthermore, these 
readings do not reflect residual stresses which may be present in the 
plate. 
‘ Initiel deflections were measured at various points on the four 
plates prior te placing then in the teat apparatus. This was accem~ 
plished by laying a straight edge across the short dimension of the 
plate, and measuring the largest wifairness with a feeler gage. A plot 
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of the unfairness along the plate’s horisontal centerline did not 
define any simple curve such as a gine curve. Thus it was iepossible 
to consider these measurements as anything other than an imlication 

of the approximate magnitude of equivalent unfairness, The extra« 
polated values of d, taken from the Donnell and Southwell plots com 
pare fairly well with these measured values exsept for the case of Plate 
fe. 1. (See Table ITIB). In the case of Plate No. 1, the measured 
values were especially dubleus since it was necessary to bleeck the plate 
into place prior te loading in order to make the long edges approximate 
ly straight. The extremely complex initial curvature effected not only 
resistant to buckling, probably eince more energy was required to pro< 


Calidvrat a Ol a SOSting Macoia 
During mest of the teste a 0-1000 lb. gage was comected to the 
upper menifeld and the pressure recorded along with the other data. The 
gage was calibrated at several points ani the results plotted. (Ses 
Fig. 35) Ye obtain an equivalent gage pressure ae indicated by the test- 
ing machine gages, the total indicated lowl was divided by the total 
jack ren area of one set of jacke. Ag can be seen from Fig. 35 the 
difference at 20,000 lbs. indicated load on the testing sashine, and 
integrated jack leading is sbout 615 ibs. Extrapolated to 30,000 lbs., 
the approximate range of ultimate plate leads, thie difference becomes 
about 925 Ibs. } 

If we analyse ea free bedy diagram of a jesk it is possible te 
draw some sontlusions about this observed difference in readings. 
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Fraa Figo 36 we can write the following equations: 


P = Ply + +P (12) 
P'=PyAy = 8 +P (13) 

where 

P = total load om I-beam, (ibs.) 

Pt = total load om edge of test plate, (1bs.) 

Py = jack internal hydraulic pressure, (psi) 

A,=total piston area of seven jacks, (aq. in.) 

S =tetal return spring force of seven jacks, (ibs. ) 

FP =totel friction force between jesk reme and jack cylinders (lbs. ) 
roms could move only inward since the hand paup was not in use. Hence, 
the direction of the friction foree, F, ie known. 

From equations (12) and (13) we have: 

P= fs and 
eer == 8 

Unfortunately the pressure gage atteched te the jack manifold was 
not sensitive enough at or near sero readings to give a value for % 
at different jack extensions. 

The resulte indicate however that if the testing machine gage is 
a true meagre of the load, FP, 


P > Phy or 
Po MyAs>o hence 
Fa § 70 or 
FOS 


This reeult is absurd when Py x O since the spring force does indead 
evercoms jack friction and return the rams to the initial position. 
- & « 
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The validity ef this inequality when FP, is large, carnmot be judged 
scourately from the known data. However, the malysis shows that 
the observations ef Fig. 35 are possible, i.e., that the testing 
nechine gage readings may be correct, but the results also cast rea~ 
sonable doubt on this assumption. On this basis the authors re- 
quested that the gages of machine No. 105 be calibrated at least at 
one load, 20,000 Ibs. It was found that the last calibration test 
completed in time for inclusion in this thesis but euch « confirmation 
should be made prior te future buckling tests. 
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Ze determine the modulus of elasticity of the test specimens in 
compression, a compression jig using the singiw plate method described 
ani built by Pelyshrone [i0) was used. 

Briefly the jig consists of a frame which holds the guide plates 
and specimen in plese and contains a subpress in the form of « plunger 
which bears on the specimen. The steel guide plates are milled with 
trlenguler grecves whieh run the lengts of the specimen. The grooves 
opposite each other in the guide plates are staggered so that Lateral. 
extension ef the specimen is permitted when e lead ie applied. Two 
Huggernberger etrain gages of one inch base length are attached te op- 
posite edges of the specimen through apertures in the frame. Guide 
plete pressure and sentering is accomplished by adjusting two 3/8" 
knurled screws witdl they are just hand tight. 

The specimens were rough cut from the same plate and in the seme 
direction as were the test plates. Test plates and compression speci- 
mens received the sane surface preparation such as serie er ahote 
blasting or pickling. 

Three specimens were prepared and milled te the final dimensions. 
The thickness wae determined in the same manner as that described for 
the test plates. All specimens were of the same length ani with, 
6.8)35" = 2.5)7" which conform to the ASTM standards of a i to 3 propor- 
tion, (Designation E9-35T) The results of the three tests are given 
4n Pig. 37. There are several pessible sources of error in this proce- 
dure. ‘The greoved guide plates do not permit complete freedou of 
lateral extension. This hae effect primarily on the determination of the 
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yield point. There is a friction force developed between the specimen 
and ite guide plates ami also between the plunger ari ite guides, per- 
ticularly if the loading should be uneven. Since the surface of these 
epecinens was quite rough, care was taken not to tighten the knurled 
sorews excessively especially since the prime result expected was the 
modulus rather than en ateurate yield point. It should be noted how- 
ever Geek euski 6 febution feree weld tend to veiee the webee of 2. 
Since the value of 5 found was slightly below that which one would 
normally expect for the type of steel tested, it is probable that the 
effect of such friction was not large and was reasonably constant for 
all tests. 

‘The variations occuring in the stress-strain curve above the 
proportional limit are probably caused by unevenese in the lead dis- 
tribution across the loaded edge of the specimen. If one side was 
loatied more heavily than the other, the strain on that side would reach 
the proportioned limit before the other side and ceuse the curve to bee 
come more linear at various leas depending on the degree of: wmevences. 
The points recorded above its proportioned limit were recorded after 
reasonable yielding had taken place but no attempt was mode to wait 
until final velues of the load and ite strain were recorded. Por this 
particular study an accurate value of the yield point is not necessary. 
It was felt thet there was no need to pursue this phenomenon further. 
It is believed, however, in the future development of this test program, 
an aecurate value of the yield stress will become important to the 
analysis of the data. Henee, the reasons for these variations showld 
be pursued. 


nthisicsdiiiiiiacaann . pa ein 
to usbtuy wth Sno wayne ald meewted ots an watalg abby etd be 4 
oeadit 20 enetwe sdf ante conan of tte pent sat eta) 
teium odt sekight of tea nedad sew ore guor othe saw oq 
nit cox tnsoyen cre ang ah cate vitae vietanoem aoe 
ewod bagen ef biveda #2 onto bisty eteruose ne aedd edéer a 
a wun te ahaa thet ant walla ua’ 
ssi) tad eindoey ak 2 <hatesd node Yo wrgt edt wh doom yLfeere 
1) suadumoe widaneasen anv bos opt fon Sex mobearth dave 30 ¥ - 
vetnod Lin 
att ovata evese ianieanente alt ak yubanee eanbinley off i 
calb tueh ett ah eetaneen =f lames Yihiom om tint bekinneeg 
aow ohte emo 3 site tip to-uge hes dis old 
dneers bivow obke ind? no nhaude od quadte of? nade yLiveod even keheek 
ood of owns off sumo bes chia wadto oft engined tnt Sanoktsoqeny edd 
sacaevern: ie owryod off no gathnequh eheet enoiusv és manti ows emee 
xofte bebrwoet siov Shut Denottrequey ash eveds bebieos adateq oft 
dkes of aha naw dyuevine om Gord wonky smied best gnthiory, aldanoaset 
abtd 1% .hehwoset ome atente otf ten heed eel to eoniey Inntt hte 
vviesaeden joa uk dmtoy biwiy odd te avfav atewoss mp yote minetiug 
eit commmenete att evecy of been on aew ovedd godt tie2 aw OI 
sexyow just sidd ‘te demeqeiewsh county) ot at pyevered ,howelled ef s2 
only oo tusimtoquk emosed Litw vecnie nfeky eié to sulev sdewoes ms 
Afwode esottetwy ees co} aneener edt com” .pteh off Yo ateylens 
<bomercang oe 


ue 


f 
a 


Test Spectmens: 


Teat. Procedure: 


Cut from same plate at test plates and in 
the same direction, Milled to 2.547 x 0.8435 
inches. Thres specimens tested. 

Two Type A Huggenberger - 1 inch gage length 
Wo. 2195 Gage Faetor 1051 

No. 2201 Gage Factor 10hi 

Mamfacturer < Rishle' Bros. 
Capacity ~ 20,000 pounds 
Specimens held in compression jig. 
Spherical head used. 


Kmurled belts holding guide plates were 
tightened barely hand tight. Load of about 
200 pounds applied and released several times 
te check sere rewlings on Huggenberger gages. 
Load applied 4n increments of approximately 
500 pounds. Gages read at each step. Modulus 
of elasticity found by plotting stress vs. 
strain. 
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Load Application ~ Paap ae 


al Jaaks 
Serial Mo. D58130 Bar » 3/4" (fiat) 
: x Gasket - Double Solder 
O.F. Setting 2.01 1/16" 
lead ere 26 iero 20 
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3 7339 367 Bak 90 400 
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lL bua 695 ki 81028 961 
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Bate | Hoos ) 4 Load Application = Pump Seguante 
Serial No. 056130 Bar = 3/4" (@) 
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1 2 = Bh 18* o12" 6" oka" oh 
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TABLE XVI 
Initial Unfairness ef Specimens 


eontexLine (on horisental i 2 4 4 
eonterline) Initial deflection 4, (in.) 
BR" wwe 055 00% dina 
«18" e+ 036 -~.002 O66 
ag" oon a ori 
-12" ~— 053 =.007 2. 
- 9 ae o> 
« 6" _— 057 +=.009 O87 
~¥ Rh  « oe 
 Contar line pa hOB OT 
& 6 “oe O37 O02 O66 
#12 ones 03. 200 .033 
418 won Od 2005 020 
aah won 05% 006 O21 


* Vexieos deflection wader gage aumbers 17 and 18, 3.04" fron 
vertical centerline, 1.32 above horizontal centerline. 
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